The erythrocyte ferritin content was measured in patients with either idiopathic haemochromatosis or alcoholic liver disease and iron overload to define its value as a marker for an excess of tissue iron. The mean erythrocyte ferritin content in patients with untreated idiopathic haemochromatosis was increased 60-fold and fell with phlebotomy. After phlebotomy many patients had an increased red cell ferritin content despite normal serum ferritin concentrations. That this reflected persistent iron overload with inadequate phlebotomy was suggested by the higher serum iron concentrations, percentage transferrin saturation, and urinary excretion of iron after administration of desferrioxamine, together with a lower annual iron loss by phlebotomy in this group compared
Furthermore, the close association between fall in disease activity and rise in serum PAG concentrations in eight of the 14 patients in this study gives added credence to the highly significant though relatively low negative coefficient between these two variables. It must be emphasised that most clinical methods for assessing disease activity in rheumatoid arthritis are to some extent subjective and can be affected by, for example, variation in the pain threshold of individual patients. Hence to obtain even a low correlation coefficient between a relatively subjective value and a highly accurate measurement of a serum substance is quite remarkable.
It is also relevant to draw attention to our finding that there was no correlation between disease activity and another pregnancy associated protein, SP1, which unlike PAG has not been shown to have any immunosuppressive properties in vitro. There may, however, be other factors-for example, hormones and other pregnancy associated proteins not measured so far which could be affecting disease activity in these patients. Nevertheless, the preliminary results of this study provide some evidence for an association between serum PAG concentrations and the course of rheumatoid disease activity during pregnancy.
Introduction
Idiopathic 5 enabled the presence of HLA-A3 antigen to be used to identify individuals at risk for the disease.4 6 Since the disease is manifested clinically by an excess of iron in tissue and since intracellular iron stimulates synthesis of ferritin7 we reasoned that the intracellular erythrocyte ferritin content might indicate this tissue iron excess. We explored this hypothesis by determining erythrocyte ferritin content in patients with untreated and treated idiopathic haemochromatosis and alcoholic patients with hepatic parenchymal iron excess and cirrhosis. 753 assessment of the iron removed by phlebotomy 500 ml whole blood was assumed to have an iron content of 0 25 g,"5 and results were expressed as the average number of grams of iron per year over the period of phlebotomy.
Erythrocyte ferritin content was assayed as previously described using hepatic ferritin radioimmunoassay.'16 The range of erythrocyte ferritin was 0 004-0 047 fg ferritin/cell in 32 normal subjects studied. '6 For determination of the ratio of erythrocyte to serum ferritin red cell ferritin was expressed as 11g/10"2 cells and serum ferritin as ,ug/l. Statistical analysis was done with Student's t test.
Results
Erythrocyte ferritin content in patients with untreated idiopathic haemochromatosis or alcoholic liver disease with iron overload- Table I Serum iron and transferrin concentrations were measured with standard techniques.9-" Serum ferritin concentration was measured by hepatic ferritin radioimmunoassay.'2 Liver biopsy sections were stained with haemotoxylin and eosin, a reticulin stain, and Perls' prussian blue stain for iron. The amount of stainable iron in hepatocytes was graded 0 to 4; grade 1 may be normal, but grades 2-4 are abnormal.'3 Patients received oral ascorbic acid 500 mg daily for one week before urinary iron excretion was determined after administration of desferrioxamine. After an intramuscular injection of 0 5 g desferrioxamine 24 hour urinary iron excretion was estimated.'4 For shows the erythrocyte ferritin content together with conventional iron variables in patients with untreated idiopathic haemochromatosis (group A) and those with alcoholic liver disease with iron overload (group C). The increased serum iron and ferritin concentrations and percentage saturation of transferrin were not significantly different between the two groups but the mean urinary iron excretion after administration of desferrioxamine in group A was roughly four times that in group C. The mean erythrocyte ferritin content in the patients in group A was eight times that in those in group C and 60 times that in haematologically normal subjects. The figure shows the distribution of erythrocyte ferritin in both groups. Except for one patient with precirrhotic idiopathic haemochromatosis the erythrocyte ferritin content in patients in group A was considerably higher than that in patients in group B. Despite this overlap table I shows that the ratio of erythrocyte to serum ferritin clearly separated patients in the two groups.
Erythrocyte ferritin content in patients with treated idiopathic haemochromatosis-The erythrocyte ferritin content in two patients with idiopathic haemochromatosis sequentially followed up after diagnosis fell with phlebotomy ( figure) . Although all patients who had received treatment (presumed adequate) had normal or near normal serum ferritin concentrations, they fell arbitrarily into two groups with either normal or increased erythrocyte ferritin content (figure). Table  II shows that patients with a normal red cell ferritin content had significantly lower serum iron concentration, percentage transferrin saturation, and urinary iron excretion after administration of desferrioxamine and roughly twice the annual iron loss with phlebotomy compared with patients with a raised red cell ferritin content. These findings suggest that a raised erythrocyte ferritin content identifies patients with idiopathic haemochromatosis requiring further vigorous phlebotomy.
Discussion
Retrospective evaluation of phlebotomy in idiopathic haemochromatosis suggested that removal of iron improves survival and reduces morbidity,'l 7 but in patients with alcoholic liver disease and iron overload life expectancy is not affected.'8 Thus, for therapeutic reasons alone, distinguishing these two groups is necessary but may be difficult clinically. In patients with alcoholic liver disease subtle features such as peripheral neuropathy and cerebellar ataxia may be present together with lesser degrees of iron overload as judged by serum ferritin concentra-
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Alcoholic tiver Untreated After disease with phlebotomy tions, urinary iron excretion after administration of desferrioxamine, and liver iron content.8 As seen in this study, however, these indicators of tissue iron content may overlap considerably between the two diseases. Furthermore, these variables are unreliable when active hepatocellular necrosis is present. Since ferritin encapsulated within the red cell should not be influenced by the fluctuations in iron variables in active liver disease, it is not entirely surprising that the erythrocyte ferritin content and the ratio of erythrocyte to serum ferritin may be used to discriminate between patients with idiopathic haemochromatosis and those with alcoholic liver disease with iron excess. Early diagnosis and vigorous phlebotomy are essential in the optimal management of idiopathic haemochromatosis; with established cirrhosis removal of iron does not prevent the subsequent development of malignant hepatoma, whereas adequate phlebotomy in the precirrhotic phase prevents most complications of the disease.' 817 The definitive test for increased tissue iron is chemical estimation of hepatic iron concentration; apart from this invasive procedure, all other measurements of variables that indicate iron overload are indirect with recognised limitations.
In the present study patients with idiopathic haemochromatosis including four in the precirrhotic phase had an erythrocyte ferritin content on average 60 times that in normal subjects; phlebotomy decreased these raised values. In addition, erythrocyte ferritin content identified patients with the disease after phlebotomy, who despite normal serum ferritin concentrations had a raised red cell ferritin content. That this finding indicated persistent raised iron stores was suggested by the higher serum iron concentration, percentage transferrin saturation, and urinary iron excretion after administration of desferrioxamine and lower annual loss of iron by phlebotomy in this group compared with patients with idiopathic haemochromatosis and normal red cell ferritin content. We suggest that besides its diagnostic usefulness in untreated patients with suspected idiopathic haemochromatosis the red cell ferritin content may also be used to indicate the effectiveness of phlebotomy in this disease in reducing the erythrocyte ferritin content to that observed in iron deficiency-that is, less than 0 004 fg/cell. 16 The mechanism of the raised erythrocyte ferritin content idiopathic haemochromatosis is uncertain. Presumably it reflects molecular mechanisms for iron transport in the nucleated erythrocyte precursor similar to those operating for either the enterocyte or the hepatocyte. An alternative explanation for the high content may be that it is the result of an efficient intracellular influx of iron into marrow cells consequent on the higher degrees of transferrin saturation in the disease.15
